INTRODUCTION
Most traits that are of economic importance in livestock production are multi-factorial, i.e. phenotypic variation is influenced by the effect of many genes along with interactions with environmental factors. With the development of genome-wide maps and molecular tools, it has been enabled to identify chromosomal regions that harbor genes responsible for production traits in farm animals (http://www.animalgenome.org/). In swine, most experimental populations to detect quantitative trait loci (QTL) were generated by crossing two breeds with different characteristics on reproduction, growth or carcass traits inoffspring phenotypes. Characterization of the detected QTL for their mode of gene expression provides valuable information for subsequent QTL analyses and markerassisted selection. There are several reports on detection of parent-of-origin QTL in swine Thomsen et al., 2003; Kim et al., 2005a) and for a QTL near IFG2 gene on chromosome 2, a causal mutation was identified (van Laere et al., 2003) .
The purpose of this study was to detect Mendelian and parent-of-origin QTL for growth and body composition traits in a QTL mapping population by crossing Korean native boars and Landrace sows.
MATERIALS AND METHODS

Animals, phenotypes and genetic map construction
A three-generation resource population was generated at National Livestock Research Institute (NLRI), Songhwan, Korea by crossing five Korean native (domesticated wild) sires and ten Landrace dams. Ten F 1 boars were randomly chosen and each was inter se mated up to six F 1 sows to produce 38 full-sib F 2 families. A total of 411 F 2 progeny were produced at the first and the second (N = 130) parities, among which 318 individuals were available in this study.
Among the traits analyzed were birth weight, 21-d weight, average daily gain at weaning and on test, live weight, hot carcass weight, loin eye area, back fat thickness, bone weight, leather weight, front leg (picnic) weight, rear leg (ham) weight, loin weight, sirloin weight, Kalbi (spare rib) weight, Galmegi (skirt meat) weight, and Samgyup (single ribbed belly) weight. Details about raising and management of the population and trait measurements were described in Choy et al. (2002a) and Choy et al. (2002b) . Table 1 contains means and standard deviations for the 17  growth and body composition traits. A total of 133 genetic markers, mainly microsatellites, were used to generate linkage maps and to perform QTL analyses. Details on DNA isolation, marker selection, and genotyping are described in Choi et al. (2006) . Linkage maps were constructed using Cri-map version 2.4 (Green et al., 1996) by using the flips and all options to get the best order.
QTL analysis
Least squares interval mapping models were used for Mendelian and parent-of-origin QTL detection on the autosomal chromosomes. The base model was the Mendelian line-cross model (Mend), which assumes that alternate breed alleles are fixed in grand-parental breeds (Haley et al., 1994) :
where Y is a vector of phenotypes of F 2 individuals; X is a design matrix; b is a vector of fixed and covariate effects; a is the additive QTL effect, modeled as half of the difference between Korean native pig and Landrace homozygotes; d is the dominance effect, modeled as the difference between the average of Korean native pig and Landrace heterozygotes and the homozygote midpoint; P a and P d are vectors containing functions of genotype probabilities for each animal at the chromosomal position of the putative QTL conditional on flanking marker genotypes. The second model was the full (partial) expression model (Full):
Full model: Y = Xb+a pat P pat +a mat P mat +dP d +e where Y, X, b, and e are as defined previously, and a pat , a mat , and d are the paternally inherited, maternally inherited, and dominance QTL coefficients, respectively. Vector P pat contains probabilities of inheriting a Korean native pig allele, Q vs. Landrace allele, q from its sire, P mat probabilities of inheriting a Korean native pig allele, Q vs. Landrace allele, q from its dam, and P d probabilities of being heterozygous. All of the Mendelian and parent-oforigin genotype probabilities were calculated by using QTLexpress (http://qtl.cap.ed.ac.uk/).
The next models are the paternal (Pat) and maternal (Mat) expression models, and the null model:
paternal expression model: Y = Xb+a pat P pat +e, maternal expression model: Y = Xb+ a mat P mat +e, where all terms are defined previously. All models were tested at each 1 cM position along the chromosomes.
To define a QTL as a Mendelian, paternal, maternal, or partial expression QTL, the following decision tree was used based on the trees in Thomsen et al. (2004) , Kim et al. (2005a) A paternally (maternally) expressed QTL is one that shows a significant allelic effect when inherited from the sires (dams) of progeny without showing a significant allelic effect when inherited from the dams (sires) of progeny. A partially expressed QTL is one that shows an allelic effect when inherited from the sires and dams of progeny, but the effect is different depending on the sex of the parents from which it was inherited.
For all models, the estimated proportion of phenotypic variance explained by a detected QTL was calculated by comparing the reduction of the residual sum of squares with and without fitting the QTL in the model. For all models, fixed effects were included for parity, gender, F 1 sire.
Covariates were litter size for birth weight, 21-day weight and average daily gain at weaning, age at slaughter for live weight and average daily gain on test, and age at slaughter and live weight for post-slaughter measures. Significance thresholds to determine presence of QTL, i.e. Full, Mend, Pat, or Mat model vs. null model were based on single-trait analysis under one QTL model. Permutation tests were performed with 10,000 replicates to empirically determine p values at the chromosome-wise (CW) significance level. For a QTL detected at 5% CW significance level, the p value for a genome-wise (GW) significance level was then obtained based on size of the chromosome relative to the whole chromosome (Kim et al., 2005a) . Significance thresholds to determine type of QTL, i.e. Full model vs. Mend, Pat or Mat model were determined at the 5% comparison-wise level. The overall significance level reached by a QTL was determined using the model that corresponded to the classification of the QTL, i.e. Mend, Full (partial), Pat, or Mat. Multiple QTL were declared on a chromosome if significant effects were separated by at least 40 cM for QTL significant at the 5% CW level.
RESULTS
Marker linkage maps
Marker orders and relative locations were obtained for all autosomes except porcine chromosomes (SSC) 2, 17 and 18. Table 2 presents markers, their estimated positions, and information contents. In general, marker orders were in good agreement with the USDA-MARC swine genome map (http://www.marc.usda.gov/genome/genome.html). However, for most chromosomes, map lengths were larger than the distances between corresponding markers in the USDA maps. Estimates of average information contents over Mendelian and parent-of-origin effects on marker positions ranged between 0.27 and 0.88 with the average value of 0.62±0.15 (Table 2) . These values were lower than expected, partly due to many missing genotypes and large marker intervals.
Overall QTL results
A total of 47 QTL were detected, i.e. 8 QTL at the 5% GW level and 39 QTL at the 5% CW level. Two of the GW-QTL had Mendelian mode of inheritance on SSC6 and SSC9 for backfat thickness and bone weight, and two were maternally expressed for leather weight and front leg weight on SSC6 and SSC12, respectively (Table 3) . One GW QTL was paternally expressed for birth weight on SSC4, and three GW QTL were partially expressed for hot carcass weight and rear leg weight on SSC6, and bone weight on SSC13, respectively (Table 3) . In all, 21 QTL were classified as Mendelian expressed, 13 QTL as paternally expressed, 6 QTL as maternally expressed, and 7 QTL as partially expressed. All detected QTL explained small to moderate portions (2.2%-12.6%) with an average 4.6±2.2% of the phenotypic variance among the traits (Table 3) .
QTL analyses for growth and body composition traits
Six QTL for birth weight were detected on SSCs 1, 4, 5, Maternal effects for Mat QTL.
8, 10 and 13. One QTL that was detected at 108 cM of SSC4 at the 5% GW level was paternally expressed with increasing Landrace allele of 0.05 kg effect (Table 3 ). In the similar interstitial region, two QTL for birth weight were detected in Walling et al. (2000) and Bidanel et al. (2001) , respectively. However, they did not test for imprinting. In the similar region where the Mendelian QTL for birth weight were detected on SSC7, Bidanel et al. (2001) and Sato et al. (2003) reported evidence of Mendelian birth weight QTL in F 2 reference populations by crossing Meishan and Large White, and Meishan and Duroc, respectively. One maternally expressed QTL for birth weight were detected at 96 cM of SSC13. Knott et al. (1998) detected one birth weight QTL in the similar region, but did not find evidence of parent-of-origin effects. Several QTL for 21-d weight and average daily gain at weaning were detected; Mendelian expressed QTL on SSCs 1, 7 and 13, paternally expressed QTL on SSCs 5, 10 and 12, and partially expressed QTL on SSC10. Most of the QTL had increasing Landrace allele effects in their corresponding expression types (Table 3) .
For the back fat thickness QTL that was detected on SSC6 at the 5% GW level, the Landrace allele conferred additive thickness 1.46 mm higher than the Korean native allele (Table 3) . Ovilo et al. (2002) detected a Mendelian QTL for backfat thickness in an Iberian and Landrace cross in the similar QTL region of this study. Yue et al. (2003) also detected a Mendelian expressed backfat thickness QTL in a popultion with founder breeds from Meishan, Pietrain and European wild boars, whose location was similar to the backfat QTL in this study. Kim et al. (2005a) detected a Mendelian QTL and a maternally expressed QTL for the same trait in crosses between Berkshire and Yorkshire, and between Berkshire and Duroc, respectively in the similar chromosomal region where the backfat QTL was detected in this study. In conclusion, these studies clearly demonstrate the presence of backfat thickness QTL on the interstitial region of SSC6.
On the same chromosome, two QTL for hot carcass weight and rear leg weight were detected at 54 cM at the 1% GW level (Table 3 ; Figure 1 ). Yue et al. (2003) detected QTL for cold carcass weight and ham weight in an F 2 population derived from Meishan, Pietrain and European wild boars, whose location was distal to the QTL in this study. One QTL for leather weight was detected on SSC6 at the 5% GW level in our study. Su et al. (2004) detected one QTL for skin weight in a F 2 cross between Dabai and Meishan, whose location is distal to the detected QTL in this study.
Two QTL for bone weight were detected on SSC9 and SSC13 at the 5% GW level with Mendelian and partial expression, respectively, and Landrace alleles had increasing effects for the corresponding inheritance modes (Table 3) . However, there was no confirming evidence of the QTL in other reports, partly due to limited number of QTL studies for the trait. The weight QTL for hot carcass, front leg and Kalbi were localized around 50 cM of SSC12, among which the front leg QTL was detected at the 5% GW level. All of the QTL had maternal expression inheritance mode with increasing Korean native alleles (Table 3) .
DISCUSSION
A comprehensive set of Mendelian and parent-of-origin models were used, which was based on the least squares framework and the assumption that alternate breed alleles were fixed in each grand parental breeds. Application of the set of QTL models showed robustness in detection and characterization of QTL type as well as ease of implementation in previous reports (Thomsen at al., 2004; Kim et al., 2005a) . Detection of the 47 QTL in this study indicates that alleles are segregating between Korean native pig and Landrace in many chromosomal regions where genes responsible for growth and carcass composition reside. Selection for fast growth and correspondingly low backfat thickness has been consistently implemented in the Landrace breed for the last several decades (Cameron, 1994) . Therefore, it is likely that favorable alleles for growth have increased in frequency at QTL within Landrace, while implementation of selection program for growth in Korean native pig has been limited due to priority for breed restoration program (Kim et al., 2005c) . Consequently, it is likely that there are many growth genes with different genotype or allele frequencies between the two breeds, for which some of the chromosomal regions harboring those genes were localized in this study (Table 3) .
Only a few of the QTL that were classified as Mendelian expressed had primarily additive effects (i.e. three QTL for Galmegi weight on SSC9, and loin eye area and rear leg weight on SSC12), and 18 of the 21 Mendelian expressed QTL had a complete or over-dominance mode of gene action (Table 3) . Heterosis has been utilized to improve growth and carcass composition by crossing between pig breeds with divergent characteristics for growth and carcass measures (McLaren et al., 1987; Edwards et al., 2003) . This heterosis may be due in large part to the dominant QTL influencing the growth traits that were detected in this study.
Selection for fast growth and correspondingly low backfat thickness has been consistently implemented in the Landrace breed for the last several decades (Cameron, 1994) . However, for several of Mendelian QTL, the favorable allele originated from the Korean native pigs, e.g. the QTL for average daily gain at weaning on SSC1, for loin eye area on SSC6, and for birth weight on SSC10, which had Korean native pig allele with increasing effects (Table 3 ). The parent-of-origin effects on the growth and fat deposition in mammalian species support the hypothesis of an intergenomic conflict, wherein the paternally derived genome enhances pre-and postnatal growth, while the maternally derived genome suppresses nutritional demands on the mother (Moore and Haig, 1991) , thereby causes Landrace allele to increase growth for paternally expressed QTL. However, the paternally expressed QTL that were detected for loin weight on SSC6, average daily gain on test on SSC12, and Galmegi weight on SSC15 had increasing Korean native pig alleles (Table 3 ). The finding of such cryptic alleles, which has also been reported in other pig studies (Rohrer and Keele, 1998; de Koning et al., 1999; Kim et al., 2005b) , indicates that opportunities to select genes for increased performance in breed crosses exist.
Our results confirmed evidence of several QTL that were detected for growth and body composition in previous studies, and would provide a basis for further studies, i.e. performing fine mapping, marker-assisted selection, and characterizing causal mutation for the QTL for traits of interest, especially those that have favorable alleles in Korean native pigs. QTL results on meat quality traits are described in a companion paper. Also, additional analyses to detect QTL that are segregating within breeds are in progress.
